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EXHAUST EMISSION CONTROL SYSTEM OF INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates generally to an exhaust 

emission control system of an internal combustion engine, and 
more particularly to a catalyst structure for raising a 
temperature at an early stage. 
Related Background Art 

10 An exhaust emission control system for purging NOx from 

an exhaust gas discharged from an internal combustion engine 
capable of performing a lean combustion involves the use of, 
e.g./ a NOx absorbent typified by an occlusion reducing type 
NOx catalyst. The NOx absorbent absorbs NOx when an air- fuel 

16 ratio of an inflow exhaust gas is lean (i.e., under an over oxygen 
atmosphere), and releases absorbed NOx when an oxygen 
concentration of the inflow exhaust gas decreases. The 
occlusion reducing type NOx catalyst classified as one type of 
this NOx absorbent absorbs NOx when the air-fuel ratio of the 

20 inflow exhaust gas is lean {i.e., under the over oxygen 
atmosphere) , and releases absorbed NOx when the oxygen 
concentration of the inflow exhaust gas decreases, thus 
reducing it into N 2 . 

If the occlusion reducing type NOx catalyst (which might 

26 hereinafter be simply called a catalyst or a NOx catalyst) is 
disposed in an exhaust passageway of the internal combustion 
engine capable of performing the lean combustion, the catalyst 
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absorbs NOx contained in the exhaust gas when the exhaust gas 
having a lean air-fuel ratio flows , and releases NOx, as N0 a/ 
absorbed by the catalyst when the exhaust gas having a 
stoichiometric ratio (theoretical air-fuel ratio) or a rich 

S air-fuel ratio flows. Further, this is reduced into N 2 by a 
reducing component such as HC and Co contained in the exhaust 
gas, viz., NOx is purged, 

Sy the way, generally a temperature of the catalyst 
including that type of catalyst must be raised up to a 

10 predetermined temperature region in order to purify the exhaust 
• gas . 

Accordingly, it is desirable in terms of effectively 
purifying the exhaust gas that the catalyst temperature be 
raised as soon as possible since the start-up of the internal 
15 combustion engine. Namely, if the exhaust gas flows through 
the catalyst in a state of the catalyst temperature is not 
increased, there might be a possibility in which the unpurif ied 
exhaust gas is released intact into the atmospheric air. 

Therefore, the catalyst known as a start catalyst may be 
20 provided in close proximity to an exhaust port of the internal 
combustion engine in order to purify the emission at the start 
of the internal combustion engine, whereby the temperature is 
increased upstream of an exhaust pipe at an early stage. 

Even in the case of providing the start catalyst, however, 
2ft it is invariably desirable that the catialyst temperature 
reaches faster the predetermined active region. 

On the other hand, it is difficult in many cases in terms 
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of designing a vehicle that the exhaust: passageway extending 
from the internal combustion engine to the catalyst is formed 
rectilinearly without slightly bending the passageway. A flow 
of the exhaust gas might be deflected depending on a 
: % 5 configuration of the exhaust passageway disposed upstream of 
the catalyst, resulting in an occurrence of such a phenomenon 
that a flow velocity of the exhaust gas flowing into the catalyst 
changes, a position in which the exhaust gas encounters the 
catalyst deviates, and so on. 
.10 Under this circumstance, for example, Japanese Utility 

Model Application Laying-Open Publication No* 1-119820 
discloses a system in which a loss of pressure in each passageway 
through the catalyst support is reduced at the center of the 
catalyst support, and the flow of the exhaust gas is converged 
15 at the center, thereby uniformizing the flow velocity of the 
exhaust gas flowing into each passageway through the catalyst 
support even when a direction of velocity of the exhaust gas 
is toward an outer peripheral portion. 

As a result of implementing a variety of examinations, 
20 the inventors of the present patent application, however, 
discovered that a heat spot is provided, a temperature thereof 
is raised intensively, and the heat evolved there is transferred 
to other portions, thereby attaining a much earlier rise in the 
temperature of the whole catalyst than by warming the whole 
25 catalyst with an uniformized flow velocity of the exhaust gas. 

SUMMARY OF THE INVENTION 



It is a primary object of the present invention, which 
was devised under such circumstances f to provide a system 
capable of increasing an exhaust temperature rising speed of 
a catalyst after starting up an internal combustion system* 

5 l'c accomplish the above* object/ according to one 

aspect of the present invention, an exhaust emission control 
system of an internal combustion engine*, comprises an internal 
combustion engine* and an exhaust gas purifying catalyst 
provided in an exhaust passageway of the internal combustion 

10 engine. The emission control system further includes a box body 
formed with an exhaust gas inlet and an exhaust gas outlet, a 
catalyst support incorporated into the box body, and a catalyst 
substance supported on the catalyst support, wherein a part of 
the catalyst support of the exhaust gas purging catalyst is a 

15 low resistance area formed so that a gas flow resistance is lower 
than in other areas and disposed in such a position that a flow 
velocity of the exhaust gas flowing to the catalyst support is 
high. 

The gas flow resistance decreases in the low resistance 
20 area provided in the catalyst support of the exhaust gas purging 
catalyst, and therefore the exhaust gas is easier -to flow in 
this area, whereby a flow velocity of the exhaust gas can be 
increased. Hence, an exhaust gas flow quantity per 
predetermined time in the low resistance area increase , and a 
26 heat transfer quantity from the exhaust gas to the catalyst can 
be augmented in the low resistance area. Then, a heat spot is 
produced in this low resistance area and rises in its 



Li/9 'A 



- 5 - 



temperature fester than in other ar^as, whereby the heat spot 
turns out to be a latent flame and a temperature rising region 
spreads in the periphery. With this contrivance, a temperature 
rising time t the whole catalyst becomes faster than in a case 

5 where the exhaust gas uniformly flows in. 

In this ease* the low resistance area is formed in such 
a position of the catalyst support that a flow velocity of the 
exhaust gas flowing into the catalyst support is high, 
therefore/ the temperature rising action occurs earlier in the 

10 low resistance area where the exhaust gas flows into the 

catalyst at a high velocity, so that the temperature rising 
speed of the whole catalyst becomes fast* 

Further, an exhaust gas deflective flow passageway for 
deflecting a flow of the exhaust gas flowing to the catalyst 

15 may be formed in the exhaust passageway, and the low resistance 
area can be disposed to face to a highest speed flow of the 
. exhaust gas flowing in from this exhaust gas deflective flow 
passageway* 

The low resistance area is capable of reducing the gas 
20 ■ flow resistance fay forming a notched portion in the catalyst 
support* A distance, from an inflow side of the exhaust gas 
to an outflow side, of apart of the catalyst support is shortened 
by forming the above notched portion, whereby the gas flow 
resistance in that' area is decreased- 
25. The notched portion may be formed in an upstream-sided 

end surface of the catalyst support. It is proper that a depth 
of the notched portion is approximately 1/10 - 2/10 of the total 
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length of the catalyst, but is not limited in particular. 

Further, the notched portion preferably takes such a 
configuration that a sectional diameter becomes gradually small 
toward the do*/nstream side in the flow direction of the exhaust 
5 as. With this arrangement, a recessed portion taking a conical 
shape is formed/ whereby the exhaust gas converges at the tip 
,' of this cone and a temperature at this portion is raised more 
quickly than in other portions * 

An area positioned more downstream in the flow direction 
10 of the exhaust gas than the notched portion of the catalyst 
support, i-e,, the low resistance area may support a greater 
quantity of catalyst substance than in other areas* 

Thus, the high density support area for supporting the 
greater quantity of catalyst substance than in other areas, is 
15 formed, whereby burning of HG contained in the exhaust gas is 
accelerated in that area and the temperature increases much 
faster. Therefor, a function as the latent flame becomes more 
effective. 

The notched portion may be formed in the downstream- sided 
20 end surface of the catalyst support. 

v ' t 

An area positioned more upstream in the flow direction 
of the exhaust gas than the notched portion of the catalyst 
support may. ..support a greater quantity of catalyst substance, 
than in other areas. 
25 With respect to the exhaust gas purging catalyst, alumina 

may be exemplified as the catalyst support. 

Further, the catalyst substance supported on such a 
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catalyst support may be exemplified by alkali metals such as 
potassium K* sodium Na, lithium Li ana cesium Cs, alkali earth 
such as barium Ba, calcium Ca, and rare earth such as lanthanum 
' La and yttrium Y, and a precious metal such as platinum Pt/ 
5 palladium pd, rhodium Rh, and iridium Ir. 

Note that a plurality of notched portions may also be 
provided. For instance, rhe plurality of notched portions is 
provided in dispersion in the exhaust gas inflow surface of the 
catalyst. In this case, it is preferable that an aperture areal 
10 size for one notched portion be set smaller than in the case 
of providing one single notched portion, With this contrivance, 
there is a plurality of portions where the temperature rapidly 
rises, whereby the so-called latent flames occur at multi points 
and heating spreads fast on the whole. 
15 Moreover, the same effect is obtained even when an 

annular-notched portion is formed in the end surface of the 
catalyst - 

Further, an exhaust gas guide passageway inclined toward 
the notched portion may be inclusively formed in the periphery 

20 of the notched portion of the catalyst support. In this 

configuration, the flow of the "exhaust gas converges at the 
center of the notched portion, thereby accelerating the flow 
velocity of the exhaust gas* In this case, for example, the 
notched portion may be formed in a conical shape. 

25 It is preferable that the exhaust gas purging catalyst 

according to the present invention be disposed in the position 
that is as close to the exhaust port of the internal combustion 
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engine as possible* For instance/ the exhaust gas purging 
v catalyst is disposed posterior to «n exhaust manifold, and the 
' present invention is, it is preferable, applied as a structure 
of the start catalyst existing in that position- 
>■ 5 Note th&t when the notched portion described above is 

provided, a loss of pressure of the exhaust gas passing through 
the catalyst decreases/ and it can ba expected that an exhaust 
gas purging performance be enhanced due to the reduction in the 
entire pressure loss of the catalyst itself. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a diagram schematically showing a configuration 

of an exhaust emission control system of an internal combustion 

engine according to the present invention; 
15 FIG* 2 is a diagram showing one axanple of a map of a basic 

fuel injection time; 

FIG* 3 is a diagram schematically showing concentrations 

of oxygen/ unburned HC, CO contained in an exhaust gas 

discharged from the internal coiabusti.cn engine; 
20 FIG. 4 is a dxagram showing one example of a catalyst 

v. * 

support provxded with a notched portion; 

FIG. 5 is a diagram showing another example of the 
catalyst support provided with the notched portion; 

FIG, 6 is a diagram showing still another example of the 
26 catalyst support provided with the notched portion; 

FIG. 7 is a diagram showing a result of a test for improving 
a flow velocity when provided with the notched portion; 
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FIG* 8iaa diagram showing a rasult of a test for improving 
an HC purging rate and a warm-up characteristic when provided 
with the notched portion; 

FIG . 3 is a diagram showing an example where a plurality 
5 . of notched portions are provided? and 

FIG. 10 is a diagram showing an fcxample where the notched 
portion is formed in an annular shape > 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 An embodiment of an exhaust emission control system of 

an internal combustion engine according to the present 
invention will hereinafter be described with reference to the 
accompanying drawings. 

<0utline of 5ystem> 

15 FIG* 1 is a diagram showing an outline of construction 

in a case where the present invention is applied to a gasoline 
engine for a vehicle that is capable of a lean burn. Referring 
to FIG. 1, there are shown an engine body 1, a piston 2, a 
combustion chamber 3, an ignition plug 4, an intake valve 5, 

20 an intake port 6, an exhaust valve 7 and an exhaust port 8. 

The intake port 6 is connected via a corresponding branch 
pipe 9 to a surge tank 10, and each of the branch pipes 9 is 
fitted with a fuel injection valve 11 for injecting a fuel toward 
within each cf the intake ports 6. The surge tank 10 is 

25 connected via an intake duct 12 and an airflow meter 13 to an 
air cleaner 14, and a throttle valve 15 is disposed inside the 
intake duct 12. 
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On the other hand/ the exhaust port 8 is connected to 
a casing 18 encasing a three-way catalyst converter 17 that is 
a so-called srart catalyst through an exhaust manifold 16, An 
outlet f the casing 13 is connected to a casing 21 encasing an 
occlusion reducing type NOx catalyst 20 through an exhaust pipe 
19. This casing 21 is connected to an unillus-trated silencer 
via an exnausc pipe 22 ♦ 

An inlet 21a of the casing 21 and an exhaust pipe 22 are 
connected via a bypass pipe (bypass passageway) 26 that bypasses 
the NOx catalyst 20. An exhaust switch valve (corresponding 
to an exhaust route switch mestber) 28 of which the valve is 
operated by an actuator 27, is provided at the inlet 2 la of the 
casing 21, at which the bypasses pipe 26 diverges- This exhaust 
switch valve 28 is operated to select any one of a bypass closing 
position in which to close, as shown by a solid line in FIG* 
1, an inlet of the bypass pipe 26 and to fully open the inlet 
leading to the NOx catalyst 20/ and a bypass opening position 
in which to close, as shown by a broken line in FIG. 1, the inlet 
leading to the NOx catalyst 20 and to fully open the inlet of 
the bypass pipe 26- 

V * 

A digital computer based electronic control unit (ECU) 
30 for controlling the engine includes a ROM (Read Only Memory) 
32, a RAM (Random Access Memory) 33, a CPU (Central Processing 
Unit) 34, an input port 35 and an output port/ which are connected 
to each other via a bidirectional bus 31. The airflow meter 
13 generates an output voltage proportional to a quantity of 
suction air, and this output voltage is inputted to the input 
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port 35 via an AD converter 37, 

On the ether hand, the exhaust pipe 19 disposed downstream 
of the three-way catalyst converter 17 is fitted with a 
temperature sensor 23 fcr generating an output voltage 
5 proportional to a temperature of an exhaust gas passing through 
the tree-v;ay catalyst converter 17 . An output voltage of this 
temperatura sensor 23 is inputted to the input port via the AD 
converter '38 * 

Further, a number-of-revolutions sensor 41 for 
10 generating an output pulse that represents the number of 

revolutions of the engine, is connected to the input port 35. 
The output port 36 is connected via a corresponding to a drive 
circuit 39 respectively to the ignition plug 4, the fuel 
injection valve 11 and the actuator 27 . 
15 In the thus constructed gasoline engine, for example, 

a fuel injection time TAU is calculated based on the following 
equation: 

TAU - TP • K 

where TP is a basic fuel injection time, and K is a correction 
20 coefficient . The basic fuel inj ection time TP represents a fuel 
injection time needed for setting, to a theoretical air-fuel 
ratio, an air- fuel ratio of a mixed gas supplied to within engine 
cylinders. This basic fuel injection time TP is empirically 
obtained beforehand/ and previously stored in the ROM 32 as a 
25 function of an engine load Q/N (suction air quantity 

Q/number-of-revolutions N of engine) and the number-of- 
revolutions N of the engine in the form of map as shown in FIG. 
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.2. The correction coefficient X is a coefficient for 
^controlling the air-fuel ratio of the mixed gas supplied to 
within the engine cylinders, Klier, K - 1.0, the mixed gas 
supplied to w-wthxn the engine cylinders comes to have the 
5 .; theoretical air-fuel ratio. By contrast, when K < 1,0, the 
: air-fuel ratio of the mixed gas supplied to within the engine 
cylinders becomes larger than the theoretical air-fuel ratio, 
i.e,, it becomes lean. If K > 1*0, rhs air-fuel ratio of the 
mixed gas supplied to within the engine cylinders becomes 
10 smaller than the theoretical air- fuel ratio, i,e*, it becomes 
rich. 

Then, in the gasoline engine in this embodiment, a value 
of the correction coefficient K is set smaller than 1,0 in an 
engine low/ intermediate load operation region, and the lean 

16 air-fuel ratio control is carried cut. Then, the value of the 
correction coefficient K is set equal to 1*0 in an engine high 
load operation region when in a warm-up operation at the start 
of the engine, an acceleration and a constant speed operation 
over 120 taa/h, and stoichiometric ratio control is conducted, 

20 In an engine full load operation region, the value of the 
correction coefficient K is set larger than 1.0, and rich 
air-fuel ratio control is performed. 

A frequency of being operated with a low/ intermediate 
load is the highest in the internal combustion engine, and 

26 therefore the value of the correction coefficient K is set 
smaller than 1*0 for a large proportion of the operation period, 
and it follows that the lean mixed gas is burned. 
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FIG > 3 schematically shows concentrations of principal 
- : . components in the exhaust gas discharged from the combustion 
chamber 3 . As can be understood fxon FIG , 3, the concentrations 
of unburned KC, CO in the exhaust gas discharged from the 
5 combustion chazrber 3 become higher as the air-fuel ratio of the 
mixed gas supplied to within the combustion chamber 3 becomes 
richer, and the concentration of oxygen Q 2 in the exhaust gas 
discharged from the combustion chamber 3 become higher as the 
air- fuel ratio of the mixed gas supplied to within the 
10 combustion chamber 3 becomes leaner. 

<Structure and Function of Catalyst> 

A structure of the tree-way catalyst converter 17 is that 
a honeycomb- or lattice-like ceil 51 composed of corgurite- 
series and fer^rite-series stainless steel is of a monolith type 

16 in which the cell 51 is coated with alumina, and a catalyst 
substance having catalyst action on alumina is adhered to the 
cell 51. Alumina supports a precious metal such as platinum 
(Pt) + rhodium (Rh) , and platinum (Pt) + rhodium <Rh) + palladium 
(Pd) as a catalyst substance. The t area-way catalyst converter 

20 17 simultaneously reduces the three components CO, HC and NOx 

V * 

in the exhaust gas by the following reaction: 
{0 t , NOx) + (CO, HC, Hj) -* ¥ H + H 2 0 + CO* 
As shown in FIG. 4, the three-way catalyst converter 17 
is constructed by providing the monolith-type cell 51 into the 
25 casing 18 provided midways of the exhaust pipe, with a shock 
absorbing material 52 being interposed therebetween. 

Th cell 51 has a notched portion 50 formed in an exhaust 
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gas inflow surface thereof. The notched portion 50 exists in 
a position decentered from the center ishe cell 51 , The exhaust 
pipe 16 is? however, bent on the upstream side of the exhaust 
gas flow with respect to the cell 51, and hence the exhaust inflow 
6 . surface formed with the notched portion 50 faces to the exhaust 
gas flow having a maximum flow velocity* 

If the exhausc pipe 16 is tecs bsnt upstream of the 
three-way catalyst converter 17, tfce exhaust pipe 16 becomes 
an exhaust gas deflective flow passageway for causing a 
10 deflective flow of the exhaust gas flowing into the catalyst. 
In this case, as shown in FIGS - 4 and 6, the positions of the 
notched portions 50, 53 serving as the high-speed inflow 
portions are set deflective so as tc face the deflective flow 
of the exhaust gas from the exhaust gas deflective flow 
16 passageway- With this contrivance, the deflected flow of the 
exhaust gas can be received from the front surface thereof/ and 
there can be produced a spotwise inflow of the exhaust gas from 
the notched portion 53. 

The notched portion 50 takes a recessed configuration of 
20 which a diameter is uniform in the example shown in FIG. 4. As 
shown in FIGS * 5 and 6, however, the notched portion 50 may take 
cohf lguratlon that a* 'sectional dxameter is graduallysuch" a 
decreased towards the downstream side of the exhaust gas (which 
will hereinafter be called a conical shape) . The notched 
26 portion 53 shown in FIG* 5 exhibits a sharp change in diameter 
thereof. The notched portion 53 shown in PIG. 6 exhibits a 
moderate change in diameter thereof. Further, in the example 
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shown in FIG, t, the exhaust gas flows substantially straight 
. just before the cell 51, and therefore zh* center of the notched 
portion 53 that should face to the exhaust gas flow having the 
maximum flow velocity is substantially concentric with the 
5 center of the cell 51* A depth of each cf the notched portions 
: 50/ 53 is herein sst within a range of 1/10 - 2/10 of the total 
length of the catalyst cell 51, 

When the a a notched portion? 50, 53 are provided in the 
inflow side end surface of the ceil SI, low resistance areas 
10 54 of which exhaust gas passage distances are shorter by the 
depths of the notched portions 50 , 53 than other areas, are 
produced downstream in the flow direction of the exhaust gas. 
Namely, with the formations of tha notched portions 50, 53, 
there decreases the resistance of a part of the passageway of 
15 the cell 51, which corresponds to the portion formed with each 
of the notched portion 50, 53, this resistance-decreased area 
becomes the low resistance area 54. The flow velocity of the 
exhaust gas increases in this low resistance area 54, and hence 
a quantity of the exhaust gas passing through the low resistance 
20 area 54 per predetermined time increases, When the quantity 
of the exhaust gas increases, a heat transfer quantity to the 
cell 51 from the exhaust gas rises corresponding to this 
increase, v.lth the result that a heat spot is formed in the low 
resistance arsa 54. A temperature rising region expands from 
25 this heat spot, and it is therefore feasible to raise the 
temperature of the ceil 51 faster thar* in the case of the uniform 
inflow of the exhaust gas. 
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Further,, the low resistance ar«sa 54 may be defined as a 
high-density support area 54 in which a larger quantity of the 
catalyst substence is supported than in other areas of the cell 
SI, 

<Flow velocity Improvement Test^ 

Next, a cest for confirming an improvement of the flow 
velocity due to the formation of ths notched portion 50 was 
carried our. 

The tree-way catalyst converter used herein has such a 
configuration that the cell 51 takes a circular shape in section, 
and a diameter thereof is 14 0 mm. The notched portion 50 is 
formed substantially at the center of the cell SI, The notched 
portion 50 is 20 mm in diameter and 30 ism in depth. This notched 
portion 50 is provided inside the exhaust passageway of the 
internal combustion engine* A flow velocity of the exhaust gas 
at a rear end surface from which the exhaust gas passing through 
within the thrse-way catalyst converter flows out, is measured 
along the periphery from the center thereof. 

Further/ as a comparison in contrast/ the cell 51 formed 
20 with no no tched portion SO is provided inside the exhaust 
passageway/ and the flow velocity of tae exhaust gas is measured 
in the same way as the above, 

FIG* 7 (to) shows a result of this measurement. Herein, 
FIG* 7(b) shows a flow velocity distribution in the section, 
taken along the line A-A, of the cell SI in PIG. 7(a), and it 
can be understood that the flow velocity is improved in the 
vicinity of the center of the cell 31 formed with the notched 



portion SO . 

In the esse of the cell formed with no notched portion 
50 which has fteen given as the comparison in contrast/ the flow 
velocity in ths vicinity of the center Is 10 m/s or thereabouts. 
; .5. In the crse of its being formed with the notched portion 50 r 
however, the £?c>w velocity is improved up to 12 13 m/s in the 
vicinity of this notched portion 50* It can be therefore 
understood thaw the provision of the notched portion improves 
the flow velocity of the exhaust gas passing through inside the 
10 cell 51 in the region formed with the notched portion 50. 
<Warm-up Improvement Test> 

Next, a test for confirming an improvement of a warm- 
up characteristic due to the formation of the notched portion 
50 was- carried out. 
16 Herein, the same catalyst as in the flow velocity 

improvement test is used. 

This catalyst is provided within the exhaust passageway 
of the internal combustion engine, and the internal combustion 
engine is operated, thus measuring * cruantity of HC contained 
20 in the exhaust gas in front and rear of the tree-way catalyst 
converter. 

Further, as a comparison in contrast, the cell 51 formed 
with not notched portion 50 is provided in the exhaust 
passageway, ard the HC quantity in the exhaust gas is measured 
25 in the same way as the above. 

FIG. 8 shows a result of this measurement. 'Herein, an 
HC purging rate in the case of providing the notched portion 
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50 reaches 30% in approximately 120 sec since the start-up of 
v. the internal nambustion engine. By contrast, in the case of 
the cell formed with no notched portion 50/ the EC purging rate 
is low on the whole and does not reach 90% till there is an elapse 
5 of 200 sec or longer. 

Accordingly, when provided with t±e notched portion, the 
temperature rising speed is faster than in the case of providing 
no notched portion 50. As a result, it can be understood that 
the temperature of the catalyst reaches a purging region at an 
10 early stage since the start-up of the internal combustion engine/ 
and the HC purging rate is enhanced. 
<NOx Catalyst Converter> 

Next, tna NOx catalyst converter 20 disposed downstream 
of the three-way catalyst converter 17 is constructed such that, 

15 for example, alumina serves as the support at least one 

substance selected among alkali metals such as potassium K, 
sodium Na, lithium Li and cesium c, alkali earth such as barium 
Ba, calcium Cs, and rare earth such as lanthanum La and yttrium 
Y, and a precious metal such as claLinum Pt are supported on 

20 that support. 

v 1 

This NOx catalyst converter 20, if disposed in the exhaust 
passageway, performs a NOx absorbing/releasing operation of 
absorbing NOx when an air- fuel ratio of the inflow exhaust gas 
(which will hereinafter be termed an exhaust air-fuel ratio) 
25 is lean, and releasing NOx when an oxygen concentration in the 
inflow exhaust gas decreases. Herein, the exhaust air-fuel 
ratio indicates a ratio of the air to the fuel (hydrocarbon) 
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that is suppIifcCi to within the exhaust passageway disposed more 
upstream than t^.e engine intake p&ssagsway and the NOx catalyst 
converter 20 » 

Note that if trie fuel (hydrocarbon) or the air is not 
. 6 supplied to within the exhaust passagaway disposed more 
upstream the- the NOx catalyst cowsrtsr 20, the exhaust 
air-fuel ratio is coincident with tha air-fuel ratio of the 
mixed gas s applied into the combustion chamber 3, Accordingly , 
in this case, the NOx catalyst converter 20 absorbs NOx when 
.10 the air- fuel ratio of the mixed gas supplied into the combustion 
chamber is lean, and releases NOx when the oxygen concentration 
in the mixed gas supplied into the combustion chamber 30 
decreases • 

Further, the fuel contains sulfur (S), and, when sulfur 
15 in the fuel is burned, sulfur oxide (SOx) such as SC 2 and S0 3 
is produced. The three-way catalyst converter 17 captures SOx 
contained in the exhaust gas. In this embodiment, a quantity 
of SOx absorbed by the three-way catalyst converter 17 is 
estimated based on a hysteresis of the engine operation state, 
20 Timing when this estimated Sox absorption quantity comes to a 
predetermined quantity is judged to be timing when SOx should 
be released from the SOx absorbent 17* Then, there is executed 
a process of positively releasing SOx out of the three-way 
catalyst converter 17 (which will hereinafter be called a 
25 reproducing process) . When executing the reproducing process 
of the three-way catalyst converter 17, the ECU 30 controls a 
temperature of the exhaust gas by use of a proper contrivance, 
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and controls temperature of the three-way catalyst 

converter 17 to a predetermined temperature (e*g. r 550°C) or 
higher. 

When th£ three-way catalyst converter 17 reproduces the 

5 exhaust g&s, it follows that a l&rce quantity of SOx released 
is contained i.i the exhaust gas flowing out of the three-way 
catalyst converter 17 , Hence, when this reproduced exhaust gas 
flows into tao NOjs catalyst converter 20, the NOx catalyst 
converter 20/ with the result that the NOx catalyst converter 

10 20 undergoes SOx poisoning, absorbs SOx in the reproduced 
exhaust gas- Such being the case, the exhaust switch valve 28 
is held in the bypass opening position when executing the 
reproducing process of the three-way catalyst converter 17 in 
order to prevent this poisoning, and the reproduced exhaust gas 

15 flowing out of the three-way catalyst converter 17 is led into 
the bypass pipe 26. Note that SOx released from the three- 
way catalyst converter 17 is reduced into SQ 2 by unburned HC 
and CO contained in the exhaust gas and thus discharged. 
Note that when in a non-reproducing process of the 

20 three-way catalyst converter 17 , the exhaust switch valve 28 
is held in the bypass closing position, and the exhaust gas 
flowing out of the three-catalyst converter 17 is led to the 
NOx catalyst converter 20 so as not to flow to the bypass pipe 
26. 

25 <Function of Catalyst at Start of Internal Combustion 

Engine> 

The NOx catalyst, when not reaching the predetermined 
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temperature rsgicn, does not exhibit sufficiently an emission 
purifying function. This is the sam* with the three-way 
catalyst converter 17. The three-way catalyst converter 17 is, 
however, disposed in a position closer to the internal 

5 combustion engine, and therefore a temperature thereof is 
raised fast. Hence, the three-way catalyst converter 17 
quickly riaes in Temperature at the start-up of the internal 
combustion engine/ and, even before the NOx catalyst 20 does 
not yet sufficiently function/ the exhaust gas can be purified. 

10 This is the reason why the three-way catalyst converter 17 is 
referred to as the start catalyst. 

In the rhree-way catalyst converter 17 in this embodiment/ 
the exhaust gas inflow surface to the cell 51 is formed with 
the notched portion 53 serving as the exhaust gas high-speed 

15 inflow area, and hence the flow velocity of the exhaust gas 
flowing into the catalyst 17 becomes fast in the area of the 
notched portion 53/ with the result that a catalyst temperature 
in this area rises faster than in other areas peripheral thereto. 
In the case cf a large-size catalyst converter, it is possible 

20 to provide a plurality of notched portions in a center portion 
thereof* Fcr example, this temperature rising time becomes/ 
as shown in FIG. S, much faster if a plurality of notched 
portions 53 are provided. 

Further, as shewn in FIG. 10/ even when an annular notched 

25 portion is formed in the end surface of the catalyst, the 
temperature rising time similarly becomes fast* 

Besides, corresponding to the notched portion 53, the 
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high density support area 54 supports a larger quantity of 

catalyst substance than in other areas of the cell 51, and 

therefore the temperature rising action, becomes more effective* 
A latent flame occurs in the area corresponding to the 
5 notched portion 53, *nd the temperature rising region spreads 

in the periphery,* whereby the temperature rises more quickly 

than in thts nase where the exhaust eras uniformly flows in. 

Thus, when the notched portion 53 is formed in the end 

surface of he catalyst, the catalyst temperature rising speed 
10 is faster than in the case of providing no notched portion 53, 

Further, when the high-density support area 54 is provided, the 

temperature rising speed becomes f fester. 

Accordingly, the catalyst can be warmed up more quickly 

when starting up the internal combustion engine, and the exhaust 
15 gas can be effectively purified. Especially, the warm-up of 

the catalyst can be .speeded up, a&d hence the performance as 

the start catalyst can be enhanced- 

Moreover, the temperature of the catalyst can be raised 

quickly < so that this is advantageous for executing the 
20 reproducing process of the three-way catalyst converter 17. 

V * 

The present invention is applied to the three-way 
catalyst converter 17 as the start catalyst in the -embodiment 
discussed above, however, the notched portion 53 and the high 
density support area 54 may also be provided in the NOx catalyst 
25 20 shown in FIG. 1. When the NOx catalyst 20 is provided with 
the notched portion 53 and the high density support area 54, 
as in the case of providing the three-way catalyst converter 
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17, the time required for the NOx catalyst 20 reaches the active 
temperature region As shortened/ and the exhaust gas is purified 
more effectively at the start-up of the internal combustion 
engine. 

5 According to the present invention, the flow velocity of 

the exhaust gas flowing through the catalyst support low 
' resistance ar«=a, can be made faster than in other areas, and 
therefore the flow quantity of the exhaust gas per unit time 
increases, with the result that the temperature in the low 

10. resistance area rises faster than in the peripheral areas . Then, 
the latent flame occurs in this area, and the temperature rising 
region spreads in civs periphery, whereby temperature of the 
catalyst can foe raised more quickly than in the case where the 
exhaust gas uniformly flows in and the effect given above can 

15 be further enhanced* 



